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mn − tgαn (b− ρ (1− senαn)) + ρ (cosλ− cosαn)
)













	   	   -.
' 	 	 %( 	 	 <	 			  (4 MCT 	 (	
	  ?"  6 ( 	 	 	 
 "8 	 	 	 %( 	 +
	  	   	  ((	 %(		8  	 		 	
 I
  !(	 	    " 	 		 ZT   "  θ
 !(	 	  	   		 YC  " "  βp
 #4 	  	;	 	 	 % 	 	 	 	  (4 	 %+




cos βp 0 − sen βp −θ sen βp
0 1 0 0
sen βp 0 cos βp θ cos βp
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mn − tgαn (b− ρ (1− senαn)) + ρ (cosλ− cosαn)
)− θ sen βp





mn − tgαn (b− ρ (1− senαn)) + ρ (cos λ− cosαn)
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cos θ 0 − sen θ RC (1− cos θ)
0 1 0 0
sen θ 0 cos θ −RC sen θ
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mn − tgαn (b− ρ (1− senαn)) + ρ (cos λ− cosαn)
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cosφ senφ 0 0
− sen φ cos φ 0 0
0 0 1 0







1 0 0 −rpφ
0 1 0 rp
0 0 1 0




M1C(φ) = M1f (φ)MfC(φ) =
⎡
⎢⎢⎢⎢⎢⎢⎣
cosφ senφ 0 rp (sen φ− φ cosφ)
− sen φ cos φ 0 rp (cosφ+ φ senφ)
0 0 1 0
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1 (u, θ, φ)
y
(P )
1 (u, θ, φ)
z
(P )


















1 (λ, θ, φ)
y
(P )
1 (λ, θ, φ)
z
(P )







f(λ, θ, φ) = 0
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+ u cosαn sen φ+ rp (sen φ− φ cosφ)
y
(P )







+ u cosαn cos φ+ rp (cosφ+ φ senφ)
z
(P )
1 (u, θ, φ) = θ
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± cos φ senαn + cosαn senφ




























∓ senφ (u senαn + π4mn)+ u cosαn cosφ+ rpφ senφ
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f(u, θ, φ) = u+
π
4
mn senαn ∓ rpφ senαn = 0 9 :
# 	8 (		  '	 9 : $ 9 : $	 (		 	 (	
(	( 	  		 	  		  	  		 	  	"	 #+
	
*
,  	 	  
,     
, 	  
	 B 			 (/ 	  		 	 			 Σφ 			
 		  	 		   	  '	 9: $ 9-: 	  (	 	
	  	"  9): B 	 	 





1 (λ, θ, φ) =∓ cosφ
(π
4
mn − tgαn (b− ρ (1− senαn)) + ρ (cosλ− cosαn)
)
+ sen φ (ρ (1− sen λ)− b) + rp (sen φ− φ cosφ)
y
(P )
1 (λ, θ, φ) =± sen φ
(π
4
mn − tgαn (b− ρ (1− senαn)) + ρ (cosλ− cosαn)
)
+ cosφ (ρ (1− senλ)− b) + rp (cosφ+ φ cosφ)
z
(P )
1 (λ, θ, φ) = θ
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±ρ cos φ senα− ρ sen φ cosλ






























mn − tgαn (b− ρ (1− senαn)) + ρ (cosλ− cosαn)
)




mn − tgαn (b− ρ (1− senαn)) + ρ (cosλ− cosαn)
)
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f(λ, θ, φ) =
π
4
mn− tg αn (b− ρ (1− sen λ))+ ρ (cos λ− cosαn)+ ρ (1− sen λ)− b
tg λ
± rpφ = 0
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− θ sen βp cosφ+ u cosαn sen φ
+ rp (sen φ− φ cosφ)
y
(P )







+ θ sen βp senφ+ u cosαn cosφ
+ rp (cosφ+ φ senφ)
z
(P )







+ θ cos βp
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± cosφ cos βp senαn + cosαn sen φ
∓ sen φ cosβp senαn + cosαn cos φ


































+ θ sen βp senφ+ u cosαn cosφ+ rpφ senφ
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∓θ sen βp senαn+u cos2 αn cos βp∓rpφ senαn = 0
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1 (λ, θ, φ) =∓ cosφ cos βp
(π
4
mn − tgαn (b− ρ (1− senαn)) + ρ (cosλ− cosαn)
)
− θ sen βp cosφ+ sen φ (ρ (1− sen λ)− b) + rp (sen φ− φ cosφ)
y
(P )
1 (λ, θ, φ) =± sen φ cosβp
(π
4
mn − tgαn (b− ρ (1− senαn)) + ρ (cosλ− cosαn)
)
+ θ sen βp sen φ+ cosφ (ρ (1− sen λ)− b) + rp (cos φ+ φ senφ)
z
(P )




mn − tgαn (b− ρ (1− senαn)) + ρ (cosλ− cosαn)
)
+ θ cos βp
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±ρ cosφ cos βp sen λ− ρ senφ cosλ
∓ρ sen φ cosβp senλ− ρ cosφ cosλ


























± senφ cos βp
(π
4
mn − tgαn (b− ρ (1− senαn)) + ρ (cosλ− cosαn)
)
+ θ sen βp sen φ+ cosφ (ρ (1− sen λ)− b) + rpφ senφ
± cosφ cos βp
(π
4
mn − tgαn (b− ρ (1− senαn)) + ρ (cosλ− cosαn)
)
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f(λ, θ, φ) =− ρ sen λ cosβp
(π
4
mn − tgαn (b− ρ (1− sen λ)) + ρ (cos λ− cosαn)
)
∓ ρθ sen βp sen λ+ ρ cosλ cos βp (ρ (1− sen λ)− b)∓ rpφρ sen λ = 0
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+RC cosφ (1− cos θ)
+ u cosαn senφ+ rp (sen φ− φ cosφ)
y
(P )







− RC sen φ (1− cos θ)
+ u cosαn cos φ+ rp (cosφ+ φ senφ)
z
(P )






)− RC sen θ
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± cos φ cos θ senαn + cosαn senφ
∓ sen φ cos θ senαn + cosαn cosφ












∓ cosφ sen θ (u senαn + π4mn)+RC cos φ sen θ
± senφ sen θ (u senαn + π4mn)−RC sen φ sen θ




















−RC sen φ (1− cos θ) + u cosαn cosφ
+ rpφ senφ
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∓ R2C senαn (1− cos θ)















+±rpφRC senαn = 0
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1 (λ, θ, φ) =∓ cosφ cos θ
(π
4
mn − tgαn (b− ρ (1− sen λ)) + ρ (cos λ− cosαn)
)
+RC cosφ (1− cos θ) + ρ sen φ (1− sen λ)− b senφ+ rp (sen φ− φ cosφ)
y
(P )
1 (λ, θ, φ) =± sen φ cos θ
(π
4
mn − tgαn (b− ρ (1− sen λ)) + ρ (cosλ− cosαn)
)
− RC sen φ (1− cos θ) + ρ cosφ (1− senλ)− b cosφ+ rp (cos φ+ φ senφ)
z
(P )




mn − tgαn (b− ρ (1− senλ)) + ρ (cosλ− cosαn)
)− RC sen θ
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± cosφ cos θ (ρ tgαn cosλ+ ρ sen λ)− ρ sen φ cosλ
∓ sen φ cos θ (ρ tgαn cos λ+ ρ senλ)− ρ cosφ cosλ












± cosφ sen θ
(π
4
mn − tgαn (b− ρ (1− sen λ)) + ρ (cosλ− cosαn)
)
+RC cosφ sen θ
∓ sen φ sen θ
(π
4
mn − tgαn (b− ρ (1− sen λ)) + ρ (cosλ− cosαn)
)
−RC sen φ sen θ
∓ cos θ (π
4
mn − tgαn (b− ρ (1− sen λ)) + ρ (cosλ− cosαn)













± sen φ cos θ
(π
4
mn − tgαn (b− ρ (1− sen λ)) + ρ (cosλ− cosαn)
)
−RC sen φ (1− cos θ) + ρ cosφ (1− sen λ)− b cos φ+ rpφ senφ
± cosφ cos θ
(π
4
mn − tgαn (b− ρ (1− senλ)) + ρ (cosλ− cosαn)
)
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f(λ, θ, φ) = ± cos θ (ρ tgαn cosλ+ ρ senλ)
(π
4
− tgαn (b− ρ (1− senλ)) + ρ (cos λ− cosαn)
)2
+ (rpφ−RC (1− cos θ)) (ρ tgαn cosλ+ ρ senλ)
(π
4
− tgαn (b− ρ (1− senλ)) + ρ (cos λ− cosαn)
)
± ρ cos λ cos θ (ρ (1− senλ)− b)
(π
4
− tg αn (b− ρ (1− senλ)) + ρ (cosλ− cosαn)
)
+RC cos θ (ρ tgαn cos λ+ ρ senλ)
(π
4
− tgαn (b− ρ (1− senλ)) + ρ (cos λ− cosαn)
)
±RC (rpφ−RC (1− cos θ)) (ρ tg αn cos λ+ ρ senλ) +RCρ cos θ cos λ (ρ (1− senλ)− b) = 0
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(PCV )





1 ((RC)lim , uCV , θCV , φCV )
y
(PCV )
1 ((RC)lim , uCV , θCV , φCV )
z
(PCV )




= M1C (φCV ) r
(PCV )
C ((RC)lim , uCV , θCV )
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1 ((RC)lim , uCC , θCC , φCC)
y
(PCC)
1 ((RC)lim , uCC , θCC , φCC)
z
(PCC)




= M1C (φCC) r
(PCC)
C ((RC)lim , uCC, θCC)
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1 ((RC)lim , uCV , θCV , φCV )
)2




1 ((RC)lim , uCV , θCV , φCV ) =
W
2
























1 ((RC)lim , uCC , θCC , φCC)
)2









1 ((RC)lim , uCV , θCV , φCV ) = x
(PCC)
1 ((RC)lim , uCC, θCC , φCC)
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cosφ1 − sen φ1 0 0
sen φ1 cosφ1 0 0
0 0 1 0








1 0 0 0
0 1 0 E +ΔE
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1 0 0 0
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0 senΔγv cosΔγv 0
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0 1 0 0
− senΔγh 0 cosΔγh 0







cosφ2 sen φ2 0 0
− sen φ2 cosφ2 0 0
0 0 1 0
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